The problem of finding algebraically special solutions to the vacuum Einstein-Maxwell equations is investigated using the spin coefficient formalism of Newman and Penrose. The general case in which the degenerate null vectors are not hypersurface orthogonal is reduced to a problem of solving five coupled differential equations that are no longer dependent on the affine parameter along the degenerate null directions.
The spin coefficient formalism of Newman and Penrose [ 1 ] (hereafter referred to as (NP)) and its application by Newman and Unti [ 2 1 have proven to be extremely valuable in a new approach to the subject of equations of motion in asymptotically flat spaces [3] [4] [5] . It has also recently been shown that asymptotically flat spaces admit congruences of null geodesics which are asymptotically shear-free, but twisting [6] .
For these (among other more general) reasons, it is felt that a presentation of the spin coefficient formulation of the shear-free, twisting solutions to the vacuum Einstein-Maxwell equations might be particularly appropriate at this time. The results should be useful in obtaining and studying equations of motion for charged spinning particles and may also prove to be helpful in resolving the still open problem [3, 5] of finding a unique center of mass coordinate system.
The class of algebraically special solutions to the empty space Einstein equations admitting shear-free and diverging, but nontwisting geodesic rays are the well known Robinson-Trautman metrics [7 ] .
Both these metrics [8 1 and their Einstein-Maxwell counterparts [9 1
have already been presented in the (NP) formalism.
The general class of degenerate solutions to the vacuum Einstein equations (admitting diverging and twisting, shear-free null geodesics), first outlined by Kerr [210 , has been studied using the (NP) approach by Talbot [11 1 . These solutions along with the corresponding Einstein-Maxwell ones have also been investigated by Debney, Kerr and Schild [12] and several explicit solutions have been given [13] [14] [15] .
In this paper we use the (NP) spin coefficient formalism to present the solutions to the vacuum Einstein-Maxwell equations which admit congruences of shear-free, twisting null geodesics. The results
show that the entire class of solutions can be expressed solely in terms of five functions (and their derivatives) that are independent of the affine parameter along the geodesics. These functions satisfy five coupled differential equations, the solution of which would then completely determine the metric.
In Section 2 we formulate the problem in the (NP) formalism.
This is followed in Section 3 by further simplifications made possible by the use of coordinate-tetrad freedom. Section 4 contains a complete summary of all of the results and in Section 5 we show that the most general regular, shear-free, non-radiating solution to the remaining equations is the Kerr-Newman metric [16] .
It is assumed that the reader is familiar with the operator edth ( I ) and the concept of spin s spherical harmonics [17, 18] , both of which will be used in this work. We will use the notation that t applies to an arbitrary two-surface with the metric (in conformally flat form)
and that V% applies to the unit sphere. 
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We now make our only assumption-namely that the congruence of null geodesics with tangent vector 2 is shear-free, i.e., Finally, we choose m and n to be parallely propagated along Ro , i.e.,
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The form of the tetrad and all of the above conditions will be preserved under the following freedom still remaining in the choice of the tetrad; the spatial rotation 
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we could now write down the (NP) equations. In order to save space, however, we simply point out that the appropriate equations can be found in (NP) [1] t and are considerably simplified by the assumption (2.14) that the space admits shear-free null geodesics, characterized with our choice of tetrad by
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In the next section we write down only those equations necessary to show how the remaining coordinate-tetrad freedom can be used to make even further simplifications. The equations whose explicit solutions we need to know now in order to make further simplifications are the following: Do-dp, 
The results given by (3.6) may now be substituted into the non-radial equation (3.2b The complex quantity X-X2 -X39 will transform under (3.9) as -1
Xt-t X Ali tA ag (3) (4) (5) (6) (7) (8) (9) (10) (11) and we will now show that (3.9) can be used to put X' = 0 while still maintaining the form of G0 . It is clear from (3.10) and ( 
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The linear dependence of the equations is easily demonstrated by virtue of equation (3.7), whose three components may now be written as 
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Because it will prove to be useful later on we introduce a new function V at this time defined in terms of P by 
Summary of the Final Results
In this section we summarize the shear-free, twisting solutions to the vacuum Einstein-Maxwell equations.
A. Tetrad Components of the Weyl Tensor: 
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C. Spin Coefficients: 
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E. Components of the Metric Tensor:
' g9A 2 P -ee(w) , ImT it =o (5) (6) (7) (8) (9) (10) (11) and the only freedom remaining in the choice of ~ is Then from [4] 
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where iag1 is the area element of the unit sphere.
Substitution of (Al) into (A3) then yields
where the orthogonality properties of the spherical harmonics have been used. 
